Abstract
infectivity indicating that overall capsid stability is important for optimal viral replication (1-5).
61
In addition, the correct timing of uncoating is thought to be required for viral replication as 62 p24 CA mutants that uncoat more rapidly and mutants that uncoat more slowly than wildtype in 63 vitro both decrease infectivity (1). As many of these p24 CA mutants with altered capsid stability 64 also displayed defects in reverse transcription, initially it was thought that uncoating preceded 5 reverse transcription facilitates the process of uncoating (8, 9) . Collectively, these data suggest 71 that there is a complex interplay between these two essential steps in viral replication.
72
Recently we developed an assay to study uncoating kinetics in HIV-1 infected cells, fluorescence microscopy and biochemical assays that directly detect the loss of p24 CA (8, 9, 12, 82 13). Therefore, while indirect, the CsA washout assay provides a good monitor for the process 83 of uncoating in infected cells.
84
Here we have extended our initial analysis to examine the effect of p24 CA mutations on 85 the kinetics of uncoating. We chose p24 CA mutations (E45A, N74D, G89V, P90A, A92E, and 86 G94) that are currently actively studied due to their effects on other aspects of HIV replication,
87
including infection of nondividing cells, utilization of nuclear import pathways, and integration 88 site selection (13) (14) (15) (16) (17) (18) (19) . Often the effect of these mutations on other steps in viral replication has 89 been proposed to be due to changes in uncoating. However, these mutations also may alter the 90 ability of p24 CA to interact with host factors that facilitate these subsequent steps in infection. 1D). The G94D mutation did not significantly alter the kinetics of uncoating or the average half-
210
life of uncoating (90 min) compared to HIV-GFP (97 min; Figure 1E ).
212
Reverse transcription does not account for the changes in uncoating kinetics 213 We previously used the CsA washout assay to determine that reverse transcription has a differential effect on the uncoating of HIV-GFP and N74D. As both viruses were 266 pseudotyped with VSV-g it is unlikely that this discrepancy is due to differences in viral fusion.
267
One potential confounding factor in the assay is that the cellular protein CypA that binds decrease, or have no effect on viral infectivity depending on cell type (30, (36) (37) (38) 2-fold. Importantly, this decrease in infectivity was consistent at each timepoint tested.
285
Therefore, using the 5 hour timepoint to normalize data in the CsA washout assay data will not 286 bias the resultant uncoating kinetics of either HIV-GFP or N74D virus.
287
The differences between the CsA and ethanol washout curves were consistent over time, complex interplay between uncoating and reverse transcription, these changes in uncoating could 313 therefore lead to decreased infectivity. The CsA washout assay is also based on infectivity.
314
Therefore, the effect of each mutation on uncoating is likely more severe than the data indicate 315 as a positive readout in the CsA washout assay requires that the virus uncoat and establish a 316 provirus from which to express the GFP reporter. Thus, these mutants also provide a measure of 317 the extent to which HIV can tolerate changes in uncoating and still achieve productive infection.
318
As expected G89V and P90A did not display a change in GFP positive cells over time CsA washout assay and a microscopy assay, has also been confirmed biochemically by western 349 blot (8, 9). Therefore, despite an indirect detection method, the CsA washout assay is a good 350 monitor for the process of uncoating in infected cells.
351
The CsA washout assay provides a direct correlation between uncoating and infectivity.
352
Because of this, the effect of a mutation on uncoating in the CsA washout assay will only be 353 detected in the subset of viral particles that can achieve productive infection. In the other nondividing cells, utilization of nuclear import pathways, and integration site selection (13-19).
362
The E45A, Q63/67A, and N74D mutations all decrease the rate of uncoating to different degrees 363 with N74D the most similar to wildtype and Q63/67A the most delayed (Figure 1 ; (8) account for a change in uncoating kinetics ((8); Figure 2 ). This result further reinforces the 374 conclusion that other factors, likely both viral and cellular, are involved in the uncoating process. infectivity was consistent at all timepoints examined in the parent HeLa cell line ( Figure 4D ).
418
Therefore, using the 5 hour timepoint to normalize data in the CsA washout assay data will not The E45A mutation significantly decreases the rate of uncoating compared to wildtype as 605 measured in 9 independent experiments. C) The N74D mutation significantly decreases the rate
606
of uncoating compared to wildtype as measured in 6 independent experiments. D) The A92E 607 mutation significantly increases the rate of uncoating compared to wildtype as measured in 7 608 independent experiments. E) The G94D mutation does not significantly alter the rate of 609 uncoating compared to wildtype as measured in 7 independent experiments. 
